Abstract -In order to study the extent to which rumen soluble nitrogen can contribute to the intestinal flow, a study was carried out to simultaneously assess the dynamics of protein disappearance from dacron bags placed in the rumen and the amount of various N products in the rumen fluid (total nitrogen (tN), ammonia nitrogen (NH3-N), non-ammonia nitrogen (NAN)). The measurements were carried out on 4 sheep fed successively various red clover forages. These forages included the initial growth of fresh red clover (50% bud, first flower, and full flower). In addition, one silage and one wrapped big bale at the first flower stage and two wrapped big bales (harvested at 51% and 71% dry matter) at the full flower stage were given. The effective degradability of nitrogen (DegN) for a fresh forage estimated from the nylon bag procedure did not vary (p > 0.05) with the vegetation stage (0.727 for the bud stage, 0.694 at the first flower, 0.706 at the full flower). The DegN of the silage was higher (p < 0.05; 0.735) and the DegN of the wrapped big bale was markedly lower (p < 0.05; 0.660), than the original fresh forage at the first flower. The DegN of the wrapped big bales made at 51 and 71% DM, respectively, were 0.625 and 0.604 against 0.706 for fresh forage at the full flower stage. The concentrations of tN and NAN in the rumen fluid were low, highest 1 h to 2 h after feeding, and then decreasing up to 7 h after feeding whatever the growth stage and conservation mode. A part of the solubilised nitrogen remained as protein 1 h after feeding for fresh red clover harvested at various growth stages, while minimal protein could be seen in the rumen fluid after the sheep were fed silage or wrapped big bales. The part of NAN escaping rumen degradation and transiting with the rumen fluid was between 7 and 13% of the nitrogen disappearing from the nylon bags (NAN/CP D egN) placed in the rumen. There was only a small difference for forages at different stages of growth, or modes of conservation. This fraction was higher for wrapped big bales and particularly for the late stage forage (wrapped big bale, 71% DM, harvested at the full flower stage). red clover / vegetation stage / conservation method / protein degradation / rumen fluid composition Reprod. Nutr. Dev. 42 (2002) [559][560][561][562][563][564][565][566][567][568][569][570] [571] [572] 559
INTRODUCTION
The protein value of feeds for ruminants is based on an estimation of the quantity of dietary and microbial protein absorbed in the small intestine. Dietary nitrogen that escapes degradation in the rumen is therefore an important factor in determining the protein value.
Previous experiments have demonstrated the effect of the growth stage and conservation method of lucerne (Medicago sativa) [6] , cocksfoot (Dactylis glomerata) and perennial ryegrass (Lolium perenne) (unpublished results) on protein degradation in the rumen. The present study was designed to investigate the effects of the growth stage and various methods of conservation (silage and wrapped big bales) on the ruminal in situ degradation of nitrogen (DegN) for red clover. A second objective was to establish whether a portion of the solubilised nitrogen would remain in the rumen long enough as proteins, peptides or amino acids, to escape ruminal degradation by transiting with the liquids.
MATERIAL AND METHODS

Forages
The experiments were conducted during the 2 000 crop year on fresh 'merviot' red clover cut at three different stages of growth (50% bud, first flower and full flower) during the first harvest cycle. The research site was at INRA Clermont-Ferrand Theix, 63122 Saint-Genès-Champanelle, at an altitude of 800 m on a deep silt loam soil. Fertilisation was applied in two applications for P and three applications for K. The application rates were respectively 137 and 237 kg . ha -1 in June 1999 and March 2000. There was no application of herbicides.
The fresh forage (first flower stage) was cut with a 'KUHN' mower conditioner (Type FC 302 GV, impasse des fabriques, 67700 Saverne). One silage (without wilting) was made from the fresh red clover cut at the first flower. The fresh forage was ensiled at 19% dry matter in 4-m 3 experimental silos. Formic acid (5 L . t -1 ) was applied at ensiling. The remaining forage was wilted for two days after cutting and one wrapped big bale (64% dry matter) was made from the forage with a fixed-chamber baler (WELGER, RP 200, Type 1721, Kverneland, Blanchot, avenue de l'Europe, 02402 Château-Thierry Cedex). In addition, two wrapped big bales harvested at respectively 51% and 71% dry matter were made from red clover cut at the full flower. The forage was wilted for two days after cutting for the wrapped big bale harvested at 51% dry matter, and for 3 days for the wrapped big bale harvested at 71% dry matter.
Animals and experimental design
The study was carried out on four Texel sheep weighing 60 ± 3 kg and fitted with a ruminal cannula. During the experimental periods, the animals were housed in individual pens and allowed free access to water and a salt block.
The animals were given fresh or conserved forage in a chopped form. They were fed ad libitum (10% refusal) at 09.00 h and 17.00 h each day.
Two series of measurements were conducted. The first measurements occurred during the spring with the initial growth of the forage harvested at 50% bud, first flower and full flower. These evaluations were conducted during 2000 in May, early June and late June, respectively. The second set of evaluations were conducted during the autumn with conserved forages (silage with an additive, and wrapped big bales harvested at different stages of growth and with different dry matter contents for the initial growth).
Each measurement period included a 2-wk adaptation phase and 2 weeks of measurements. Ruminal fluid and conduct ruminal content measurements were (T 16 h) were introduced at T 8 h on the first day and removed on the second day (T 24 h) after 16 h of incubation whereas the bags (T 24 h) were introduced on the second day and withdrawn on the third day according to Michalet-Doreau et al. [37] . A standard hay was incubated daily (8 h) in duplicate in the rumen of each of the animals used, in order to detect any changes in the level of degradation during the experiment. After the removal of the bags from the rumen, they were kept at -20 °C until analysis. Prior to analysis, the bags were defrosted and then rinsed with cold water until the rinse water ran clear. The bags were then beaten for 7 min in a "stomacher" [35] , followed by further washing and finally dried at 60 °C for 48 h. Michalet-Doreau and Ould-Bah [38] showed that beating the residues in the bags in a stomacher can significantly reduce microbial contamination of the undegraded fraction of the sample. Nitrogen solubility was determined without incubation in the rumen (T 0 h) by soaking the bags containing the samples in warm water (40 °C) for 1 h 30 min, followed by drying as before.
Ruminal fluid sampling
Rumen fluid was taken from the same sheep on two consecutive days, before the morning meal (T 0 h), and 1, 2, 4 and 7 h after feeding. About 150 mL of the rumen fluid was taken, muslin-filtered, and then centrifuged for 5 min at 120 g to remove dietary particles and protozoa. The supernatant was centrifuged at + 4 °C and 27000 g for 20 min in order to remove dietary particles and bacteria [46] . The proteins were then precipitated by adding sulfosalicylic acid (400 g . L -1 and separated after centrifuging (20 000 g for 10 min).
Rumen content and digesta kinetics
Total reticulo-rumen contents were determined by manually evacuating the rumen performed the first week. Ruminal in situ degradation kinetics were measured on the second week. Forages placed in the Dacron bags were identical to those as in the diet. The bags were filled at the end of the week of serial sampling and rapidly frozen to avoid modifications of the forages (see Section 2.3).
Concurrently, the digestibility of organic matter (OMD) was measured on another group of 6 intact sheep, 3 or 4 years old, kept in metabolism crates. Digestibility was measured according to the method described by Demarquilly and Weiss [16] . The sheep were fed 10% above the previous day's consumption, in equal portions at 08.00 and 17.00 h, and the uneaten forage was removed before the morning allocation. Digestibility measurements were done with total collection of the faeces for 6 days after a preliminary period of 15 days. The experiment was conducted on fresh forages and not on frozen forages because freezing at -20 °C modifies the characteristics of the forages and their degradability [25, 32] .
In situ degradation
Nitrogen degradability was measured using the nylon bag procedure, as described by Michalet-Doreau et al. [37] . Dacron bags (pore size 30-60 mm; Ankom Co., Fairport, New York) with an internal surface of 5 1 1 cm were closed by two stitches. Forage samples weighed into the bags were prepared according to Dulphy et al. [19] . Fresh forages, silages and wrapped big bales were cut into particle sizes of 4-5 mm long. A quantity equivalent to 2.5 g dry matter (DM) was weighed into the bags and were then incubated in the rumen of the four-fistulated sheep fed the same forage as in the bag. Incubation periods were 2, 4, 8, 16, 24 and 48 h. Two replications per sheep were used for 2, 4 and 8 h whereas three replications were used for 16, 24 and 48 h. Since it was not possible to insert all the bags at once in the rumens, most of the bags were inserted at T 0 h except for T 16 h and 24 h. The bags 561 before the morning meal (08 h 30) and after the evening meal (19 h 00). Manual evacuations of the whole rumen contents were carried out after an interval of at least 60 h to ensure normal digestion [1] .
After emptying, the rumen contents were weighed, homogenised and sampled for DM determination and then reintroduced into the rumen. The total procedure did not exceed 30 min [7] .
A 200 mL dose of a Cr-EDTA solution [8] was introduced intraruminaly at 6 h 30 (2 h before the morning feeding). Seven samples (50 mL) were taken 2, 4, 6, 10, 26, 28 h and 30 h after administration of the marker to determine the liquid passage rate. The samples were stored at -20 °C until Cr concentration analysis. The concentrations of Cr were determined by absorption spectrometry using a Perkin-Elmer Model, 2380 spectrophotometer. The Cr-EDTA disappearance in the rumen was fitted using a non-linear regression procedure:
where Co is the initial concentration, C the concentration at time t, t the time (h) after infusion of the first sample, and k the fractional turnover rate [26] . The fractional turnover rate was calculated from the slope of linear regression of the natural logarithm of Cr-EDTA concentrations in the rumen fluid [48] .
Chemical analyses
The total nitrogen (tN) content of the forages, bag residues, and soluble nitrogen content of the rumen fluids (before and after precipitation with sulfosalicylic acid) were determined using the Kjeldahl method [3] . The protein content of the rumen fluid was determined as the difference between total nitrogen in the rumen fluid before and after precipitation. The NH3-N values were determined on the acid supernatant (after precipitation with sulfosalicylic acid) by the Conway method [15] .
The fibre contents of neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) were determined for the forages by the method of Goering and Van Soest [21] .
The fermentation characteristics were determined in a liquid pressed from the silage, and in an extract from the wrapped big bales after maceration overnight at 4 °C according to Dulphy and Demarquilly [18] . The soluble nitrogen content was determined by the Kjeldahl method, the NH3-N content by the method of Conway [15] , and the lactic acid content by the enzymatic method of Noll [40] . Alcohol and volatile fatty acid contents were determined by gas liquid chromatography [28] .
Estimation of NAN flow (Tab. VI)
The fraction of NAN in the rumen fluid that escaped degradation in the rumen and reached the small intestine, was estimated. From our results of NAN content at the different kinetic times (0 h, 1 h, 2 h, 4 h, 7 h), the NAN flow was calculated as the area under the curve, extended to 12 h and then multiplied by 2 to include the evening meal [6] . The volume of the liquid phase of the rumen was calculated as described in Section 2.5. The fractional passage of the liquid phase was determined from the measurements carried out with chromium-EDTA. The nitrogen degradability (DegN) was measured using dacron bags (see Sect. 2.3). NAN flow (expressed in g of CP) was the ratio between the NAN content in the rumen (NAN ´ Vol of the liquid phase ´kl) and the daily dry matter intake (DMI (kg . d -1 )). This fraction of NAN that flowed out of the rumen in the liquid phase was able to contribute to the undegraded crude protein which escaped degradation in the rumen. It was assumed to be (NAN flow + (1 -DegN) CP). In order to estimate its importance, NAN was expressed relative to the crude protein fraction degraded in the rumen. (NAN/CP ´ DegN). 
Chemical composition (Tabs. I and II)
The crude protein content decreased according to the maturity of the plant. It was lower for wrapped big bales than for fresh forage cut at the same stage. Concurrently, the fibre content of the fresh red clover forage (NDF and ADF) increased with the maturity of the plant and was the highest for the wrapped big bales.
The organic matter digestibility (OMD) was higher and decreased with the maturity of the forage. Furthermore, it was higher for the fresh forages and lower for the silage and wrapped big bales.
The direct cut silage was of very good quality: lactic acid fermentation dominated in the fermentative process (Tab. II). For wrapped big bales, the production of lactic acid was restricted, as compared to silage, especially in the wrapped big bales harvested at 71% DM.
In situ degradation
The degradability of dry matter decreased progressively with the maturity of the plant (p > 0.05), while DegN did not vary with plant maturity (p > 0.05; Tab. III). At the first flower (Tab. IV), DegDM for the silage and wrapped big bales were lower (p < 0.05) than those of the fresh forages harvested at the same stage of growth. The DegN of the silage conserved with formic acid was higher (p < 0.05) than that of the fresh forage, while the DegN of the wrapped big bale was lower (p < 0.05) than that of the fresh forage.
At the full flower stage (Tab. V), Deg DM and DegN of the wrapped big bales were lower than those of the fresh forages (p < 0.05). Although the DegN and the 'b' and 'c' degradability parameters were not significantly different for the wrapped big
Calculations and statistical analysis
The in situ dry matter and N disappearances of red clover forages were fitted to the model of AErskov and McDonald [41] using a non-linear regression procedure [41] : %N degraded = a + b (1 -exp -ct ) which supposes three N fractions in the feed: a rapidly degradable one (a), one with a slower degradation (b) at an exponential reducing rate (exp -ct ) and one undegradable fraction (100 -a -b).
The effective degradability of nitrogen DegN was calculated as: [33] assuming kp = 0.06 h -1 [44] .
The same model was used to calculate the effective degradability of dry matter (DegDM).
The analysis of variance was conducted for various degradation parameters for the nylon bags using the GLM procedure of SAS [43] . The following model was used: Y = M + Ai + Tj + Eij in which M is the overall mean; Ai is the effect of the animal (df = 3), Tj is the forage treatment, Eij is the error term (df = 6).
There was no significant difference between the rumen fluid parameters (tN, NH3-N, NAN) on the two measurement days (Duncan test) [43] . Therefore, the mean value of the two measurement days was analysed by the same model. The results of these comparisons were reported in Tables III, IV At the first and full flower, the DegN of the wrapped big bales were lower (p < 0.05) than silage and fresh forages harvested at the corresponding stage.
bales harvested at different dry matter contents, the 'a' fraction and 'c' degradation rate decreased for the wrapped big bale harvested at the highest dry matter. 
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Rumen fluid composition
For all fresh forages, whatever their stage of vegetation at harvest or the conservation mode, the tN, NH3-N, protein-N or NAN content in the rumen fluid was the highest 1 or 2 h after feeding and then decreased up to 7 h after feeding (Figs. 1, 2 and 3 ).
The NAN content is the difference between tN and NH3-N. Non-ammonia N is made up of peptide N, amino-acid-N and 566 For all fresh forages, the tN content in the rumen fluid decreased with plant maturity (p > 0.05) (Fig. 1) . In the rumen fluid, Figure 2 . Evolution of the concentrations (mg . g -1 ) of tN, NH3-N and protein-N in the rumen fluid for red clover fresh forage harvested at the 1st growth stage (first flower), silage + formic acid and wrapped big bale, before the morning meal (T 0 h) and 1 h, 2 h, 4 h, and 7 h after the meal. the mean value of N constituents were lower than those we obtained for lucerne [6] , and comparable to the results for ryegrass and cocksfoot for the different preserving methods (unpublished results). The NH3-N/tN ratio represented about 45%, 1 and 2 h after feeding, for fresh forages harvested at different growth stages, and for preserved forages as silage and wrapped big bales. It remained higher (> 40%) until 7 h after feeding. Although the NH3-N and tN contents decreased with the vegetation stage for fresh forages and were lower for the conserved forages than for the fresh forages, generally the ratio between NH3-N and tN did not change.
A part of solubilised nitrogen remained as protein-N (24% to 26% tN) at 1 h after feeding for the fresh forages, while minimal protein-N was observed in the rumen fluid of sheep fed silage and wrapped big bales.
DISCUSSION
At the first flower stage, generally silage and wrapped big bales had lower NDF contents than the corresponding fresh forages. Such differences have been previously observed by Dulphy and Demarquilly (unpublished results): hemi cellulose is partly hydrolysed in the silo [34] . The digestibility of the initial growth of red clover decreased with advancing maturity in an approximately linear fashion; this is typically related to the declining leaf:stem ratio [20, 49] . The digestibility of red clover was lower than that of perennial ryegrass [14] , but the rate of decline with age and the consequent stemminess were similar [17] . The reduction in digestibility was related to the increase in the cell-wall constituents [47] .
The concentration of crude protein decreases with plant maturity because the leaf proportion decreases while the fibre content increases. Total nitrogen content was lower in the silage and wrapped big bales than in fresh forage as a result of the 568 Figure 3 . Evolution of the concentrations (mg . g -1 ) of tN, NH3-N and protein-N in the rumen fluid for red clover fresh forage harvested at 1st growth stage (full flower) and wrapped big bales the harvested at 51 and 71% DM, before the morning meal (T 0 h) and 1 h, 2 h, 4 h, and 7 h after the meal.
Protein degradation in the rumen of red clover five times greater than those in the red clover extract. Mixing clover and lucerne extracts substantially decreases proteolysis, whereas mixing lucerne extract with boiled clover extract yields a slightly more rapid free amino acid release than lucerne alone [9] . The lower non protein nitrogen that has been found consistently in red clover silage [2, 42] , results from the action of polyphenol oxidase. This enzyme system reacts with O 2 and phenols normally present in red clover to produce quinones that inhibit the plant proteases that break down forage proteins in the silo [2, 11, 22, 29, 50] .
The NH3-N content in the rumen fluid is the result of a set of interacting events and can be affected by factors such as the rate and extent of ruminal protein degradation, the amount of fermentable carbohydrates, and the efficiency of the incorporation of degraded N into microbial cells.
The lower NH3-N concentration measured in the rumen may occur for several reasons:
(1) Red clover OMD contributes to a great utilisation of energy and nitrogen in the rumen. Moreover, soluble carbohydrates exist in a greater concentration in red clover than in lucerne [31] ; this will facilitate a better utilisation of nitrogen by the microbial populations.
(2) Dry matter intake and concurrent nitrogen intake was lower for red clover than for lucerne, which is consistent with the results of Broderick et al. [10] , Hoffman et al. [24] . (3) The presence of the enzyme polyphenol oxidase, decreased proteolysis and non protein nitrogen content (NPN). Forage NPN consists of oligopeptides, free amino acids, ammonium compounds and other small molecules that rapidly contribute to the ruminal ammonia pool [12] .
However, a part of the solubilised nitrogen remained as protein-N for 1 h and 2 h in the rumen after feeding fresh red clover, as we had observed previously [5, 6] .
respective losses of nitrogen in the effluent and the losses of leaves at harvesting. Lucerne and red clover nitrogen are generally degraded more extensively in the rumen than grasses [45] , but the distribution of morphological components is not the same and these legumes are degraded differently in the rumen. The fraction 'a', degradation rate, and the undegradable fraction were higher for lucerne than for red clover [14] . These authors suggest that the undegradable fraction was considerably larger for lucerne than for red clover due to the heavy lignification of the stem tissue in lucerne. In addition, the ratio of leaf tissue was higher for red clover (84%) than for lucerne (65%). The data of Coblentz et al. [14] showed that the degradability of lucerne and red clover are similar while in our results [6] , red clover was less degraded than lucerne. Nocek and Grant [39] , Albrecht and Broderick [2] , Le Goffe et al. [30] , Hvelplund and Weisberg [27] and Hoffman et al. [23] also reported that red clover has a lower nitrogen degradation than lucerne. In in vitro studies, Messman et al. [36] observed that the disappearance of N from red clover tended to be less important than that from lucerne during the first 6 h of incubation, although by 12 h of incubation by in situ methods, all two forages had similar percentages of remaining N.
The average tN and NH3-N contents in the rumen tended to decrease with the age of the plant and remained higher for fresh forages than for silages (with formic acid) and wrapped big bales, which were in agreement with other results for silages [6, 13] . As reported earlier by Lindberg et al. [31] , the tN and NH3-N concentrations in the rumen were low, although the tN contents of the forages were higher. Ciszuk and Eriksson [13] , compared grass and red clover at the same nitrogen content and the same nitrogen intake and observed a lower NH3-N content with red clover than with grass. The results obtained by Broderick et al. [9] showed that the free amino acids released in the lucerne extract were approximately 569 The fraction of NAN in the rumen fluid that escaped degradation in the rumen and reached the small intestine was estimated (Tab. VI). The present study showed that within a feeding cycle, soluble NAN derived from red clover was only significant during the first hours following the beginning of ingestion. In the French PDI (protein digestible in the intestine) system, the amount of rumen degraded protein is estimated as [1 -1.11 ´(1 -DegN)] ´ CP [44] . The factor 1.11 is a global coefficient to take into account the soluble NAN escaping degradation in the rumen, variation on passage rate, microbial contamination. In the present work ruminal NAN data showed that for red clover the coefficient of 1.11 is not high enough to consider the discrepancy between the observed degraded protein of the forage and its estimation by the nylon bag method. The part of NAN escaping rumen degradation and transiting with the rumen fluid reached an average 9.3% of the nitrogen disappearing from the nylon bags placed in the rumen (NAN/CP ´ DegN). This was from 7 to 9% for fresh forages and from 9 to 13% for the conserved forages. As in our results with lucerne [6] , and in grasses (unpublished results), a part of soluble N escaped rumen degradation and flowed to the duodenum in the liquid phase of the digesta with the silages and wrapped big bales. This fraction was lower than those of perennial ryegrass and cocksfoot and equal to that of lucerne. As we observed elsewhere [4] , the amount of NAN increased with the stage of harvesting; it was higher in more mature forages (the wrapped big bale harvested at the full flower stage with 71% DM).
CONCLUSION
The DegN in fresh red clover decreased marginally with the age of the forage. It was higher for silage, but much lower for wrapped big bales cut at the same stage. In the rumen fluid, part of the solubilised nitrogen remained as proteins at T 1 h after the feeding of fresh forages, while minimal protein was observed after feeding in the rumen 570 fluid of sheep that consumed silage or wrapped big bales. The part of NAN of the rumen fluid escaping degradation in the rumen was between 7% and 13% of the nitrogen disappearing from the nylon bags placed in the rumen.
